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Available online 28 February 2015AbstractThe corrosion behavior of cast Mge6Ale1Zn þ XCa (Where X ¼ 0.5,1.0,1.5 and 2.0 wt.% Ca) magnesium alloy, aged at different tem-
peratures of 180 C, 200 C, 220 C and 240 C was investigated in accelerated corrosion test chamber according to ASTM-B117 Standard (salt
spray test). The exposed alloys were characterized by X-Ray Diffraction (XRD), Optical Microscopy (OM) and Scanning Electron Microscopy
(SEM) techniques. The microstructural refinement due to calcium addition and ageing treatment results in the improvement of corrosion
resistance of the experimental alloy. Corrosion rate decreases due to fine precipitation of the b (Mg17Al12) phase distributed along the a-grain
boundaries during ageing. Intermetallic phases act as a barrier, which makes the alloy more resistant to corrosion. Results found that better
corrosion resistance of the alloy was observed in Mge6Ale1Zn þ 1.5 wt.% Ca with 180 C ageing temperature. The corrosion behavior of
Mge6Ale1Zn þ XCa alloy exhibited by ASTM B117 salt spray testing and electrochemical polarization measurements showed similar trends
concluding that the calcium addition and ageing temperature decreases the corrosion rate.
Copyright 2015, National Engineering Research Center for Magnesium Alloys of China, Chongqing University. Production and hosting by
Elsevier B.V. All rights reserved.
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Magnesium alloy has interesting properties such as low
density, high specific strength and hardness, excellent cast-
ability, perfect electromagnetic interference shielding prop-
erty, high thermal conductivity and good damping capability,
which increases their use in microelectronic, automotive and
aerospace industries [1e4]. Many of cast alloys contains from
5 to 6% aluminum content in weight, with low amounts of
zinc. Among these, AZ61 alloy has an attractive property* Corresponding author.
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ternary MgeAleZn magnesium alloy is susceptible to
corrosion in high-salt, high temperature or humidity environ-
ment which limits their use in structural applications. Guan-
gling Song investigated that the corrosion resistance of aged
die cast AZ91D alloy, song et al. reported that the precipitation
of the b-phase (Mg17Al12) occurs along the grain boundaries
during ageing. Furthermore, above 45 h of ageing, the
decreasing aluminium content of a grains makes the a-matrix
more active, its decreases the corrosion resistance of the
AZ91D alloy [5] and he also reported if the volume fraction of
b-phase is small, b-phase mainly acts as a galvanic cathode
and accelerates the corrosion process of the a-matrix. Also
found that, if the alloy has high volume fraction of the b-phase
may act as an anodic barrier to prevent the overall corrosion of
the AZ magnesium alloy [6]. B. S. You et al. investigated the
effects of calcium additions on the oxidation behavior inngqing University. Production and hosting by Elsevier B.V. All rights reserved.
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retards the oxidation rate during melting process by the for-
mation of thin and dense CaO film on the surface of the molten
alloy. This implies that the rapid oxidation of magnesium al-
loys at elevated temperature can be suppressed by the addi-
tions of Ca [7]. N.D. Nam et al. investigated the effect of
calcium oxide on the corrosion behavior of AZ91 magnesium
alloy. He reported that the pitting potential, pitting resistance
and polarization resistance of AZ91 alloy increased with the
addition of calcium oxide. Also he found that the CaO addi-
tions reduced the susceptibility to breakdown of passive film
in AZ91 alloy [8]. However, there is a few research work have
been studied extensively to investigates the influence of rare
earth in AZ61 magnesium alloy on electrochemical behavior.
In this present research work, the effect of addition of calcium
(Ca) with different ageing temperatures on corrosion behavior
of AZ61 magnesium alloy was studied under (3.5 wt.% NaCl
solution) accelerated corrosion test chamber according to
ASTM B117 [9] Standard (fog test) and electrochemical
measurements like potentio-dynamic polarization (PDP) test,
electrochemical impedance spectroscopy (EIS) techniques
[10e12].
2. Experimental procedure2.1. Experimental alloyThe Ca containing AZ61magnesium alloys were prepared
by casting route. The experimental alloys were made by
adding magnesium (99.999%), 6.0 wt.% of aluminim
(99.999%) and1.0 wt.% of zinc (99.999%). The Ca addition
was done in the form of MgeCa master alloy contains 70%
magnesium and 30% calcium. This Mge6Ale1Zn þ XCa
(X ¼ 0.5, 1.0, 1.5, 2.0 wt.% Ca) alloy was melted in a Inconel
718 crucible by using electric resistance furnace and melt was
completely protected by controlled gas mixtures of 99%Ar-1%
SF6. The crucible, pouring system, die and the stirrer were
coated with wolfram non Stick coating (capable to withstand
25 Ce1200 C) and dried for 10 min at 300 C. The melt
being homogenized by automatic stirring at 720 C, controlled
gas was passed into a crucible at 0.25 m3/h and it has been
maintained up to 750C. After 10 min, the MgeCa master
alloy was added and then stirring was done, the molten metal
was poured into a permanent mild steel mold. The chemical
composition of the experimental alloys was confirmed by
atomic emission spectroscopy (AES) technique, which is
presented in Table 1. These casted specimens were solutionTable 1
Chemical compositions of AZ6þxCa (X ¼ 0.5, 1.0, 1.5, 2.0 wt.% Ca).
Experimental alloy Al Zn Ca Mn B
AZ61 5.78 0.923 0 0.142 0.
AZ61 þ 0.5Ca 5.95 0.887 0.4 0.165 0.
AZ61 þ 1.0Ca 5.67 0.828 0.98 0.173 0.
AZ61 þ 1.5Ca 5.67 0.828 1.43 0.173 0.
AZ61 þ 2.0Ca 5.33 0.839 1.92 0.172 0.heat treated at 400 C for 16 h and then aged at different
temperatures of 180 C, 200 C, 220 C and 240 C for 24 h.2.2. Specimen preparationThe samples were polished by emery papers (60e1500
emery sheet), alumina powder and then diamond cloth con-
tains two different types of colors, green (3-5m) and red color
(1-2m). Nital (2%HNO3 98% ethanol) etchant was used to
reveal the microstructure by using DIC Leica optical micro-
scope, model No: DM750M.2.3. Salt spray testThe specimens were initially cleaned with acetone and then
dried by compressed air. The initial (w0) weight of the spec-
imen was calculated by using Mettler Toledo weighing bal-
ance, model no: XP504. The location and position of the
specimens were placed in salt spray chamber (Ascott, UK,
model No: Sis450) accordance with ASTM- B117 standard.
After salt spraying test, the specimens were cleaned by
acetone and dried by compressed air. After drying, the spec-
imens were immersed in chromate acid to ensure that the
corrosion products were completely removed. Then the final
weights of the specimen (w1) were calculated and then the
corrosion rate was measured [13]. The corroded specimens
were characterized by X-Ray Diffraction (XRD), Scanning
Electron Microscopy (SEM), and Energy Dispersive Spec-
trometry (EDS) techniques.2.4. Potentio-dynamic polarization (PDP) and
electrochemical impedance spectroscopy (EIS)Polarization curves and electrochemical impedance spec-
trum of the specimens were measured in an electrolytic cell,
which contains a three electrode cell setup (ACM Gill2 in-
struments). The three electrode cell setup comprises of refer-
ence electrode (saturated calomel), counter electrode
(platinum foil-10  20 mm) and working electrode (spec-
imen). The electrolytic cell contains 3.5 wt.% NaCl solution as
the electrolyte and the exposed surface area of the specimen is
1 cm2. The polarization started from a potential of about
2000 mV relative to the corrosion potential and stopped at a
potential 50 mV positive to the corrosion potential. The
scanning rate was kept at 10 mV/min. When the magnesium
electrode (specimen) immersed in electrolyte immediately
cathodic polarization take place, because magnesium is tooe Fe Cu Si Ni Mg
00067 0.0148 0.004 0.0607 0.0042 Bal.
00052 0.0099 0.004 0.0549 0.0017 Bal.
00046 0.0125 0.004 0.0513 0.0017 Bal.
00046 0.0125 0.004 0.0513 0.0017 Bal.
00027 0.013 0.004 0.0503 0.0032 Bal.
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plot between potential vs current can be obtained to explain
the corrosion mechanism. In electrochemical impedance
spectroscopy (EIS) test, the electrolyte and electrode remains
same as used in PDP test. The amplitude of applied AC signal
was 5 mV, and the measured frequency range was from 1 mHz
to 1 kHz.
3. Results and discussion3.1. Effect of microstructureFig. 1 shows the typical microstructure of as cast AZ61
alloy at low and high magnification, respectively. This
microstructure consists of a-phase and eutectic b-phase.
Fig. 1(a) illustrates the eutectic Mg phase surrounded by
intermetallic phase of b (Mg17Al12). During solidification time
the aluminum content increases towards the a-grain bound-
aries due to the coring effect. This b-phase is enriched with Al
than primary a-phase, where the b-phase is discontinuous
precipitates of inter-metallic compound of Mg17Al12 [6]. The
corrosion barrier effect is mainly associated with volume
fraction of b phase and its size and distribution. The b
(Mg17Al12) phase is modified and distributed along the a-grain
boundaries through calcium addition and ageing treatment.
The corrosion barrier effect of b(Mg17Al12) phase will explain
the decrease in corrosion rate with calcium addition and
ageing temperature.
Fig. 2 show the optical microstructure of AZ61 þ xCa
(x ¼ 0.5, 1.0, 1.5 and 2.0 wt.% Ca) magnesium alloy, reveals
that the addition of calcium refines the a-phase and also
modify the intermetallic phase (b-phase). Based on the
microstructural observations, high degree of grainrefinement
obtained in 0.5 wt.% Ca addition. Fig. 3 shows the XRD re-
sults for the as-cast AZ61 þ XCa (x ¼ 0.5, 1.0, 1.5 & 2.0 wt.%
Ca addition) alloys. The XRD pattern confirms that the ternary
alloy is composed of a-Mg, Mg2Ca, Ca2Mg6Zn3 and
b(Mg17Al12) phases. The addition level of 0.5 wt.%
1.5 wt.%Ca to the AZ61 Mg-alloy leads to the formation of
intermetallic phases and the volume fraction of Mg2Ca, Al2Ca
intermetallic phases increases with increasing Ca content.
Furthermore, the grain sizes decreased with the addition ofFig. 1. Representative optical micrographs showing the graicalcium into their respective alloys. This can be attributed to
the pinning of grain boundaries by the increasing amount of
Mg2Ca and Al2Ca second phase resulting in limited grain
growth. The addition of calcium to AZ61 magnesium alloy
reduces the grain size to serve as either nucleation site or
obstacles to grain growth during solid state cooling. The re-
sults revealed that the addition of Ca (with increasing amount)
into AZ61-magnesium alloy leads to an increase in the amount
of Mg2Ca and Al2Ca phases, while the precipitation of
Mg17Al12 s phase reduces [14]. The corrosion resistance of AZ
alloys increases as the amount of b-phase increases, because
the b-phase acts as a barrier. The amount of b-phase formation
in ageing treatment (T6) is higher than the solution heat
treatment (T4). The b precipitates were finely distributed
along the a grain boundaries, building up a certain degree of
continuity in the barrier [6,15]. Fig. 2 shows the amount and
the continuity of the b-phase along the grain boundaries in-
creases with ageing treatment, the corrosion rate decreases
with ageing treatment due to the barrier effect. The interme-
tallic b(Mg17Al12) phase appears in the form of discontinuous,
enlarged and lamellar morphologies (Fig. 4), The continuous
network of b phase was obtained along the grain boundaries
due to the precipitation reactions. Furthermore with extended
ageing, the matrix becomes depleted of aluminum owing to
precipitation reactions and moves towards the grain interiors.
Fig. 5 shows that the influence of ageing temperature on the
microstructure of AZ61 þ xCa (x ¼ 0.5, 1.0, 1.5 and 2.0 wt.%
Ca) alloy reveals that the b precipitates nucleation and dis-
tribution rate. The corrosion barrier effect is having more
significant role when the b precipitates are finely distributed
throughout the matrix, continuity of b phase are formed due to
fine precipitates of b during ageing treatment.3.2. After salt spray testFig. 6 show the corrosion rate of each specimen in 3.5 wt.%
NaCl solution exposed to 48 h. Based on the curve, the lowest
corrosion rate was observed in the specimens of 1.5 wt.% Ca
content aged at180 C. It was found that the corrosion rate
slowed down with increasing calcium addition and further
ageing treatment. The corrosion rate increases further with
increasing calcium content above which 1.5 wt.% addition.n morphology of AZ61 alloy without calcium addition.
Fig. 2. Representative optical micrographs showing the grain morphology of (a) AZ61 þ 0.5 wt.%Ca, (b) AZ61 þ 1.0 wt.%Ca, (c) AZ61 þ 1.5 wt.%Ca,(d)
AZ61 þ 2.0 wt.%Ca.
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Fig. 7(b) shows the corrosion rate against wt.% of calcium
addition for AZ61 þ XCa (x ¼ 0.0, 0.5, 1.0, 1.5 and 2.0 wt.%
Ca) alloy. These curves illustrate that the ageing temperature
along with the calcium addition significantly improves the
corrosion resistance of this experimental alloy. Fig. 8 shows
the macro images of AZ61 þ xCa (x ¼ 0.5, 1.0, 1.5 and
2.0 wt.% Ca) alloy with different ageing temperatures of 180,
200, 220 and 240 C after the removal of corrosion products.
In this observations, Fig. 8(I) shows the better resistance
against pitting corrosion after 48 h of exposure in 3.5 wt.%
NaCl. Fig. 8(P) shows the poor pitting corrosion resistanceFig. 3. XRD results of AZ61 þ XCa (x ¼ 0.5, 1.0, 1.5 & 2.0 wt.%Ca addition)
alloy.observed in 5.0 wt.% NaCl solution, it reveals that the
AZ61 þ 2.0 wt.% Ca magnesium alloy localized corrosion
occurs first, instead of the uniform corrosion.
From Fig. 8, it is clear that the exposed surface area of the
specimen after salt spraying test is rough and porous and ex-
hibits the characteristic ‘‘sand rose” [16] or ‘sunflower’
morphology. Bierwagen et al. reported that the morphology of
magnesium hydroxide [Mg(OH)2] during corrosion of mag-
nesium pigment in water and chloride environment [17]. The
conversion of magnesium to magnesium hydroxide in the
presence of water is represented by Eq. (1) [17,18].Fig. 4. Influence of the ageing on the microstructure of cast AZ61 alloy. The
black arrow indicates a region of b phases with different morphologies such as
lamellar, enlarged and discontinuous manner.
Fig. 5. Microstructures of AZ61 þ xCa after ageing. (a) 0.5Ca aged at 180 C (b) 0.5Ca aged at 200 C (c) 0.5Ca aged at 220 C (d) 0.5Ca aged at 240 C (e) 1.0Ca
aged at 180 C (f) 1.0Ca aged at 200 C (g) 1.0Ca aged at 220 C (h) 1.0Ca aged at 240 C (i) 1.5Ca aged at 180 C (j) 1.5Ca aged at 200 C (k) 1.5Ca aged at
220 C (l) 1.5Ca aged at 240 C (m) 2.0Ca aged at 180 C (n) 2.0Ca aged at 200 C (o) 2.0Ca aged at 220 C (p) 2.0Ca aged at 240 C.
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Fig. 9 shows the SEM image of AZ61 þ 1.5 wt.% Ca
specimen aged at 180 C exposed to 3.5 wt.% NaCl solution at
different time intervals under salt spray chamber. Fig. 9. (a),
(b), (c) and (d) shows that the specimens were exposed to
different time intervals such as 12, 24, 36 and 48 h respec-
tively. Fig. 9(e) show the SEM and EDS analysis of 1.5 wt.%
Ca exposed after 48 h in salt spraying. The enormous changes
have been observed in corrosion rate of this alloy with the
addition level upto 1.5 wt.%Ca. The corrosion rate mainlyFig. 6. Corrosion rate of the AZ61 þ XCa (x ¼depends on the microstructures, when the alloy has more
continuous network morphologies of b phase with fine pre-
cipitates of Mg2Ca and Al2Ca, which improves the corrosion
resistance. This calcium added AZ61 magnesium alloy com-
prises of b(Mg17Al12) phase, Mg2Ca and Al2Ca phases. The a
grain boundary decreases with increasing calcium content.
Furthermore, the volume fraction of the b(Mg17Al12) phase
increases the formation of network morphology. During
ageing, Mg2Ca and Al2Ca precipitates are distributed along
the grain boundaries [19]. It was found that additions upto0.0, 0.5, 1.0, 1.5 and 2.0 wt.% Ca) alloy.
Fig. 7. Corrosion rate of AZ61 þ XCa (x ¼ 0.0, 0.5, 1.0, 1.5 and 2.0 wt.% Ca) alloy. (a)Corrosion rate Vs Ageing temperature (b) Corrosion rate Vs Ca addition.
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alloys. When adding above 1.5 wt.% calcium into AZ61 alloy,
the large quantity of Al2Ca phases at the surface creates more
micro galvanic sites. However, when increasing the Ca content
up to 2 wt.%, the distribution of the phase near the surface area
becomes more continuous, and the presence of Ca induces the
formation of the less cathodic Al2Ca phase at the expanse of
the more cathodic b phase so corrosion above 1.5 wt% cal-
cium addition increase the corrosion rate of the AZ61 alloys.
3.2.1. Corrosion product analysis
The X-ray diffraction analysis was carried out to identify
the corrosion products which are formed during 3.5 wt.% of
NaCl solution under salt spray test. The specimens were testedFig. 8. Macrographic images of alloys exposed in 3.5wt % NaCl solution in salt spra
at 220 C (D) 0.5Ca aged at 240 C (E) 1.0Ca aged at 180 C (F) 1.0Ca aged at 200
(J) 1.5Ca aged at 200 C (K) 1.5Ca aged at 220 C (L) 1.5Ca aged at 240 C (M)
2.0Ca aged at 240 C.in a salt spray chamber for 3 days. Fig. 10 show the XRD
pattern for AZ61 þ 1.5 wt.%Ca aged at 180 C alloy exposed
after salt spray test for 24 h, 48 h, respectively. It was
confirmed that the main corrosion products were brucite
(Mg(OH)2) and CaO in 3.5 wt.% of NaCl solution. In addition,
the b(Mg17Al12) phase and the a-Mg were also found in this
pattern.3.3. Electrochemical measurements
3.3.1. Electrochemical impedance spectroscopy
The corrosion resistances for different compositions of
calcium added AZ61 alloy and CaO thin film were evaluated
by electrochemical impedance spectroscopy in 3.5 wt% NaCly after 48 h (A) 0.5Ca aged at 180 C (B) 0.5Ca aged at 200 C (C) 0.5Ca aged
C (G) 1.0Ca aged at 220 C (H) 1.0Ca aged at 240 C (I) 1.5Ca aged at 180 C
2.0Ca aged at 180 C (N) 2.0Ca aged at 200 C (O) 2.0Ca aged at 220 C (P)
Fig. 9. SEM micrographs of AZ61 þ 1.5 wt.%Ca alloy aged at 180 C exposed to salt spray (a) after 12 h, (b) after 24 h, (c)after 36 h, (d) after 48 h and (e) SEM
and EDS of after 48 h.
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ments, which provide a quantitative estimation of alloy surface
degradation and corrosion processes, were carried out in the
different composition of calcium added AZ61 alloy samples in
3.5 wt% NaCl solution. Fig. 11 Shows the impedance curve
for 180 C aged specimens of AZ61 þ 1.5 wt.% Ca,
AZ61þ2 wt.% Ca and cast AZ61 alloy. AZ alloy tends to form
an oxide/hydroxide layer in a neutral aqueous solution, which
is porous and does not cover the whole surface. Theoretically,
impedance spectroscopy is consisted by a high-frequency and
a low-frequency capacitive loop. The red color curve indicates
that the high-frequency capacitive loop was attributed due to
magnesium oxide/hydroxide film on this alloy surface. Black
color curve shows that the capacitive loop at low frequency
range is related to the metal dissolution through the pores and
defects of this protective layer. In all the cases, single capac-
itive loops are observed in AZ61 þ 1.5 wt.% Ca aged at
180 C having much larger impedance loop compared toFig. 10. XRD patterns of the corrosion products after salt spray of 180 C aged
AZ61 þ 1.5 wt.%Ca.AZ61þ2 wt.% Ca aged at 180 C and AZ61-as cast alloy.
Fig. 12(a) shows the Nyquist plots obtained from the
AZ61with 1.5 wt.% Ca aged at 180 C alloy after different
timings of immersion in 3.5 wt% NaCl. The impedance dia-
grams of the 1.5 wt.% Ca-containing specimen immersed in
3.5 wt%NaCl solution upto 10 h shown much larger imped-
ance than the initial time of immersion. These results suggest
that the addition of Ca promotes the formation of a passive
film. Equivalent circuit diagram of part of electrode process is
obtained through fitting by software which is shown in
Fig. 12(b). The equivalent circuit consists of RS, RP, CPE. CPE
is the constant phase element, Rs, and Rp represents the so-
lution and polarization resistances, respectively. The Z-view
software program was used to fit the EIS data to determine the
optimized values for the resistance parameters RP, RS. RP, RS
values are mentioned in Table 2. It shows the polarization
resistances (Rp) with the immersion time for AZ61 þ 1.5 wt%
Ca aged at 180 C alloy. Resistance polarization (Rp) valueFig. 11. Nyquist plots of AZ61 þ 1.5 wt% Ca aged at 180 C alloy, AZ61-as
cast alloy and AZ61þ2 wt% Ca aged at 180 C alloy.
Fig. 12. (a) Nyquist plots of AZ61 þ 1.5 wt% Ca aged at 180 C alloy, (b) Equivalent circuit, (c) Bode plot of Frequency vs. jZj and (d) Bode plot of Frequency vs.
angle.
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indicating better corrosion resistance.
Fig. 12(c) presents evolution of the impedance spectra of
AZ61 þ 1.5 wt% Ca aged at 180 C alloy during immersion
timing upto 10 h. It clearly shows the impedance magnitude
(jzj) increases with time, from 2 h to 10 h due to formation of
passive film on the surface of the AZ61 þ 1.5 wt% Ca aged at
180 C alloy. For long immersion time impedance magnitude
(jZj) decreases because of degradation in passive film. This
result shows 1.5 wt% of Ca addition in AZ61 alloy acts as an
effective barrier to prevent the penetration of the chlorine ions
and increases the corrosion resistance. Fig. 12(d) shows the
impedance spectra of AZ61 þ 1.5 wt% Ca aged at 180 C
alloy in the form of Bode plots (phase angle vs. frequency)
during immersion timing upto 10 h. The aperture of the phase
angles increased with improvement of a surface film. So
addition of AZ61 þ 1.5 wt% Ca aged at 180 C alloy having
good improvement in surface film formation. These resultsTable 2
Fitting results of EIS of AZ61 þ 1.5 wt% Ca aged at 180 C alloy.
2 h 4 h 6 h 8 h 10 h
Rs(Ohm cm
2) 17.78 18.14 16.68 15.81 14.94
Rp(Ohm cm
2) 14.46 16.61 16.18 17.23 23.95
CPE 2.92E-05 2.88E-05 2.77E-05 2.51E-05 2.07E-05suggest that Ca addition promotes passive film formation in
AZ61 alloy. When a-Mg grains are corroded, the precipitates
will be in the top layer as shown in pitting initiation and starts
dissolving. This will result in the increase of the number of
active atoms on the surface, accelerating the formation of the
protective layer. This data illustrates the electrochemical
principle of passive and breakdown of the passive film.
3.3.2. Potentio-dynamic polarization-results
The potentio-dynamic polarization test is a powerful tool
for estimating the kinetics of the corrosion process and to
determine the effectiveness of the film on corrosion protection.
In this study, potentio-dynamic polarization measurements
were also employed in 3.5 wt% NaCl solution at room tem-
perature for comparing base material with best sample chosen
from salt spray test. The apparent changes in the plot caused
by adding 1.5 wt.% Ca into AZ61 alloy aged at 180 C po-
larization curve is shifted to more positive potentials asTable 3
The relevant electrochemical parameters Ecorr (mV) and Icorr (mA/Cm
2) values
were calculated from the Tafel plots.
Ecorr (mV) Icorr (mA/Cm
2)
AZ61-BASE alloy 1504.3 4.39
AZ61 þ 1.5 wt% Ca alloy aged at 180 C 1573.2 1.95
Fig. 13. Potentio-dynamic polarization curves tested in 3.5 wt% NaCl solution
for AZ61 þ 1.5 wt% Ca aged at 180 C alloy, AZ61-base alloy.
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curve behaves more cathodic reaction in 1.5 wt.%Ca aged at
180 C sample side compared with the base alloy. Increased
rates of cathodic reaction lead to a higher icorr and Ecorr
value, which is confirmed by Tafel plotting. Corresponding
Ecorr versus icorr values are presented in Table 3. This is
could be evident that the calcium addition upto 1.5 wt.% aged
at 180 C improves corrosion resistant of AZ61 magnesium
alloy. Based on the curve, potential slightly increases above
the corrosion potential of the specimen in 3.5 wt% NaCl so-
lution caused the localized corrosion (pitting corrosion) of this
alloy [5]. During PDP test, potential is starting from cathodic
potential and continuously increased by the rate of 5 mV and
sudden drop in corrosion current take place which is followed
by anodic current near the corrosion potential. Corresponding
potential to the sudden drop in corrosion current is called
pitting potential “Epitting”. The localized corrosion was started
at pitting potential and hydrogen evolution takes place. This
hydrogen evolution is easily visible on the surface of the
specimen during the test. Pitting potential is very important
parameter in PDP test. ““Epitting” indicates the tendency of
localized corrosion (Fig. 13). Table 3 shows the values of
corrosion current density (Icorr), corrosion potential (Ecorr).
From Table 3. AZ61 þ 1.5 wt% Ca aged at 180 C shows
lower corrosion current density as compared with AZ61 base
alloy which tends to reduce the localized corrosion. It was
found that the alloy AZ61 þ 1.5 wt% Ca aged at 180 C
having better corrosion protective properties as compared to
AZ61 base alloy. The relevant electrochemical parameters
calculated from the Tafel plots.
4. Conclusion
An interesting observation was found in this study, there is
a relationship between calcium addition and ageing treatment
which improves corrosion resistance for the AZ61 alloy. The
calcium addition upto 1.5 wt.% aged at 180 C decreases thecorrosion rate and increases further with above addition. This
relationship shows that the calcium addition and ageing
treatment significantly decreases the corrosion rate of AZ61
alloy. The calcium addition and ageing treatment increased the
amount of intermetallic phases, which results in the formation
of continuous network of b phase. In terms of electrochemical
studies, it was found that the addition of calcium and ageing
treatment increased impedance and decreased corrosion rate.
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